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3 MATERIALS AND METHODS 
 
3.1 Chemicals 
Chemicals were procured from Sigma-Aldrich, Germany. Graphite powder purchased 
from Orioner Hightech Sdn Bhd with 325 mesh size was used as the raw material. 
Concentrated hydrochloric acid, sulphuric acid, potassium permanganate and hydrogen 
peroxide were used for the oxidation process whereby graphite powder was oxidized to 
graphite oxide. Subsequently, during the graphene oxide reduction stage, hydrazine 
monohydrate was used as the reducing agent. To utilize graphene as a glucose sensor, 
materials such as glucose, sulphuric acid, acetic acid, potassium chloride, phosphate 
buffer saline and hydrogen peroxide will be employed. All solutions used in the glucose 
sensor experiment were prepared from ultra-pure water. 
3.2 Sample Preparation 
3.2.1 Preparation of Graphene Oxide 
This graphite oxide was synthesized by graphite powder through pre-oxidation and 
oxidation process based on Hummers and Hummers Improved method (Pantelic et al., 
2009; Marcono et al., 2010). A total of 20 g of graphite powder was stirred in a heated 
solution of 30 ml H2SO4, 10 g K2S2O8 and 10 g P2O5 at 80°C for 30 min until dark blue 
mixture form. The mixture was cooled to 25°C inside the desiccator for 6 h. After that 
deionized water was added and the ingredient was filtered and washed until filtrate 
attains neutral pH. Then, the filtrate was dried overnight in vacuum desiccator at 25°C. 
Subsequently, 460 ml of concentrated H2SO4 was used to oxidise the graphite in the ice 
bath after the drying process. 60 g KMnO4 was added slowly with stirring and 
temperature of suspension was maintained at 20°C. Then, the ice bath was removed and 
the suspension was heated at 35°C for 2 h in a water bath until the suspension thickens 
and effervescence paste in brownish grey colour was formed. Then, 920 ml deionized 
water was added to the suspension followed by heating to 98°C for 15 min. Another 2.8 
L deionised water was then added together with 15 ml of 30% H2O2 and the suspension 
colour was change into bright yellow. After that, the suspension was filtered and filtrate 
 19 
was washed with 5 L of 1:10 concentrated HCl. Finally, filtrate was dried overnight in 
vacuum desiccator at 25°C. 
3.2.2 Preparation of Conventional Chemically Reduced Graphene Oxide 
 
Reduction of graphene oxide started with the exfoliation of graphite oxide to graphene 
oxide (GO). A total of 0.5 mg/ml graphite oxide was ultrasonicated in 250 ml deionized 
water for 30 min (500kW, 40% amplitude). The brown homogenous GO produced was 
centrifuged at 10,000 rpm (CR 21GIII, Hitachi, Japan, R20A2) for 10 min to remove 
unexfoliated graphite oxide. After that, the solution pH was adjusted to pH 10 by using 
5M of KOH. Then, 10 mM hydrazine monohydrate was used to reduce GO in aqueous 
media. The resulting mixture was refluxed at 95°C for 24 h. Finally, the reduced 
graphene oxide (by hydrazine monohydrate (HRGO)) was filtered using 0.45 µm of 
PTFE membrane with vacuum filter funnel and dried in vacuum oven overnight. During 
filtration process, HRGO produced must be washed with copious DI water to remove the 
excess hydrazine monohydrate after reduction (Park & Ruoff, 2009). 
3.3 Preparation of Graphene Based Glucose Sensor 
3.3.1  Preparation of Reduced Graphene Oxide (RGO)/Glucose Oxidase (GOx) 
The RGO was prepared by dissolved 0.025g of reduced graphene oxide in 50 ml of ultra-
pure water. Then the mixture was sonicated 30 minutes to get the concentration of 0.5 
mg/mL RGO. The GOx concentration was fixed at 10 mg/ml by dissolving GOx in a 0.1 
M phosphate buffer saline (PBS) solution at pH 7. 
3.3.2 Pretreatment of Glassy Carbon Electrode (GCE) 
The GCE was polished with 0.05µm alumina slurry and Buehler polishing cloth. After 
that the GCE was washed with deionized water and ultrasonicated for 3 minutes each in 
water and ethanol then dried. 
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3.3.3 Fabrication of GCE/RGO-GOx Modified Electrode 
40 µL of RGO dispersion and 60 µL of GOx solution were mixed and sonicated in 
microcentrifuge tube for 30 minutes to produce RGO-GOx composite. Then 10 µL of the 
RGO-GOx composite was drop casted onto GCE and allowed to dry at room temperature. 
The RGO-GOx modified electrode was transferred to 0.05 mM PBS (pH 7.0) solution 
containing various concentration of glucose. The range of glucose concentration to be 
detected is 0 to 7 mM which covered up the normal human blood sugar level 4.4 to 6.6 
mM (Wang J. , 2008). The glucose was the electrochemically reduced to gluconic acid by 
performing cyclic voltammetry (15 cycles) from 0.5 to -0.5 V at a scan rate of 50 mVs
-1
. 
Figure 3-1 shows the structure layers of GCE/RGO-GOx that will be formed as a glucose 
sensor. The chemical reactions that will occur when GCE/RGO-GOx glucose sensor is 
employed to sense glucose concentration are as shown in Figure 3-2. 
 
Figure 3-1: The structure layers of RGO-GOx. (Hasan et al., 2011) 
